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ABSTRACT ' ; ' * * 

Thus far ^he several different strategies that haye' 
been employed to investigate the size of the perceptual span during • 
reading have not yet r*esolved the question* of whether good' readers 
have a, larger span than poor readers. An investigation was designed i 
to determine the regiop of text from which letter information is ^sed 
'during a fixation 'of the eyes. Eight good xeadeirs and eight poor' 
readers from the *f ifth g£a^e participated in the study,* A computer, 
based laboratory system wiis used for' displaying the^texts^ to be read 
and ior monitoVin^g and recording the eye moV^ement patterns of the 
subjects engaged irt reading. Results indicated that both groups 
- /j^Si^cguj.red letter information from a region of text extending from two 
* • letters* to the- left of the center , of fixation tio about six letters to 
the right. The averagt reading rate* of th% poor readers , was about 70% 
of |t^t for the good readers, while dura.tionp of fixations made by 
poor reiakders in the control condr.tion were approximately *30% longer 
than th6 fixation durations of the good readers , Finally , the average 
lengths/of saccades of the poor yeaders ^was^ abput 25%. shorter than 
those made Jk>y the.^ood readers', thejre was no evidence to suggest that 
skilled readers utilized letter information from a wider region of 
^ text tnaa did less able readers, tHOD)'" 
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span of Letter Recognition' 



Abstract 

V * • • ' 

% • 

A comput'er-controlled eye mavement contingent, display paradigm was used to 
investigate the span of letter recognition for good and , poor .r*eaders < ' 
drfpirig a reading ta^. The results of .the atudy indicate t-hat\both groups 
acquire letter information .fromc§ region of, text extefsdiiig from "2^ letters 
' to the left of the center^ or fixation through t6 about 6 letters' %o the ^ 
right. There was no evidence to suggest" that ^ skil^led readers' utilize 
letter information from a wider region .of rtext than do. less able * readers. * 
The findings have significant implications for theories of infQrmation 



.processing and theories of guidance of eye movements. The, strength of the 
results lie in the fact that the .present investigation is tKe first study 
to compare the performance of good and poor ^eaders when peripheral ' 
information^is disrupted but foveal information remains intact.' ^ 
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The Span of Letter Recognition of Good and Poor Readers 



Gibson (1965) has suggested that the ability to respphd to larger and 
'larger amounts of grapWc visual information underlies increased reading 
sKill. ^ That is/ older. children as cbmpared with younger children, or 
b^ter headers as compar^ vi^th poorer rea'ders of the same a^, are able 
lo'Wtract information fi;;om a greater region during a fixation of /the 
eyesl Smith (1971) haS claimed' that what distinguishes the fluent from 
the Itess-skilled reader .is, the number of ^ letters or words that can be 
identi\|ried in a single fixation. - ' - ^ 



" Th^ notion ^that the size of the perceptual span increases, as a 
function Of reading -ability has many advocates among researchers seeking • 
to explain ,the differences between skilled and less skilled readers 
(Gibson; & Levin, 1975; Haber, I978; Harris, 1941; Patberg, &,Yonas, 
1978). Given the assumption that §uch an increase occurs, the 'reading 
theorist' is then concerned with trying to account for how the skilled ' 
reader is ^ble to a<^uire more information during a fixation than is his 
less able counterpart (LaBerge, & Samuels, 1974). . . ^ 

The-several different, strategies wftich'have been employed- to 

investigate the size of the perceptual span during reading will .be briefly 

reviewed. ' In discussing the limitations of each of the approac^ies, \fl 

Will" be shown that the quest^n of whether gpod readera have ^larger 

" * * » * • 

perceptual span -than poor readers has not yet been resolved ♦ One ajjproach 



^^^^ 



Span of Letter Recognition 



whiclj.has been used to study this issue has been simiSly to divide a given 
number of words by the number or fixations made while reading those wor(3s 
(Harris; ^g^^; Spragins; Lefton, &^ Fisher, 1976; Tay;Lor, Frackenpohl, & 
Pettee, Not^ 1). -Th^' findings from studies that have used 'this tephnique 
have been remarkably consistent over the years. Beginning readers average 
fibout- ,5 Words per fixation and adult reacfe|?s about 1.5 words. However, - 
as Mo^Conkie and Rayner *(1976a) point out, this method of es^ima^ting the 
perceptual span is based on the assumption that on successive fixations 
■the" perceptual spans do not t>Verlap or that they overlap the same amount. 

Xf this assumpt^ion is incorrect,' such estimates of thd span of 

recognition are not accurate^ This is particularly likely to be a problem 

wtf^ fixations following regressive eye movements ^are included in the 

number ^f fixations. The^^ are probably fixations. pf words seen earlier, 

thus not .indications of new words being seen.- In the Spragins, Lefton, 
• » 

and Fisher (1974) study, it appears that the total number of fixations ^ 

' ' " •> ■ , . * 

included fixations following regressive saccades. Since it waS^ found that 
chilcfren made* 10? more regressions than adult readers, their results are 
probably confounded by this difference. ^ ^ 

, ^ A "Second approach to the question attonpts to establish how' much 
information can' be' obtained during a single^ fixation by simulating a 
fixation 'through a tachis.toscopic presentation. Typically, a string of 
random letters, words, or phrases is presented Tor exposure times, of up to. 
250 -msec,' vhich is the average length of .the duration of a 'fixation.. * 
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Using this. technique, Marcel (197^) found tha1>j,good readers were able to 
report more, information than •poor readers, as a function of contextual 

- . ' ^ : 

^ cojistraint. Research* by Sperling (I960) has raised 'questions about^ 
whether this technique can be^taken to i-ridicate what information is 
actually being seen 5uring a fixatlolr. He demonstrated that subjects were 
seeing much^more in a tachistoscopi? display than they could report 
afterwards. Apparently, much of the information was bfcing seen and was 
available for selection immediately following the presentati^on,/ bjjit a 
relatively small 'amount could be encoded in a form which supported oral 
report; - If encoding arid memory provide a bottleneck ^tp these reports, it 
seems likely that this^ would be true with (children of different reading 
abilities (Lunzer, Dolan, & Wilkin3on, 1975; Naidoo, ]972h Thus, the^ 
fact that poorer readers report less from such presentations, may, reflect 
their ability to. encode and report, rather^ than indicate a difference in 
what they see. ^ 

As a third approach, some researchers' have used the eye-voice span 
(EVS) technique to determine the span of perception in reading (Buswell, 
1920). The EVS is a measure of the amount of material or time tHat 'the 
eye is^^htead of the voice in oral reading. It may be measured either by 
recording eye movements and vocalizations at tfie same time during reading 
or by suddenly making the text unavailable and requiring the subjects to' 
continue th'eir vocalizing of the text as. far as^possible. , It has been 

found that good readers have a longer EVS than poor readers" <Mdrtbn, 

_ « 

19$^). On the basis of this evidence, Levin fend Kaplan I1970) argue that 
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.the good reader Actually sees more in a fixation. Marbel (197H), rejects " 

/ ' ^ , 

thi3 claim for two reasons: First, the EVS for text is between 6^10 and 

700 msec. Since fixations only last about 250 msec, the EVS is probably 

t'he result of at least two fixations. And second, 3ince the EVS is 

measured during continuous oral reading, it may well reflect output 

restrictions rather than perceptual processing. 

A 'fourth approach is to determine how far from the center of vision.' 
letters afad words can be identified when presented individually (Bouma, 
1973). Osing this technique, Bouma and L'egein ( 1977) found that the 
functional visflal field appears to be narrower for poor readers than for 
good readers. McKeever and Huling (1970), however,' found no difference 

between gOQd and poor seventh-grade readers in identification of 

* » 

peripherally presented words. 

Studies of this sort have typically * shown an asymmetry in th*e visual 
field, with words and letters being identified by readers further to the • 
right than to the left (Bouma, & Legein, 1977; -Bouma, "1973^ McKeever, & 
Hulirig, I97O; Fisher and Lefton (197^6) also report a right-field aSvanEage 
in a developmental study usin^ a recognition task. The r^earch of 
McConkie and Rayner (1976b) indicates that adults show an even greater 
asymmetry during reading. They found that during a fixation relatively 
skilled readers do not use visual information more than H letter positions 
•(1 degree of visual angl-e) to the left of the center of the fixation, 
though they do use visual information considerably farther than that to 
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> 

the right (McConkie, & Rayner, 1976b; Rayner, 1975). More recently, 
Underwood (1980) found thaty adult readers we're not using letter 
information more than two character positions to .the left of the fixation 
^int. ' ^ 

Another phenomenon found in studies of this type ia that a single 

0 

letter may be identified more easily in the periphery than an' embedded 
letter .(Chastain, & I^awson, I979; Mackworth, I965). It appears ihaV 
surrounding letters have a masking effect on the target stimulus,' thus 
reducing the effective span of recognition. The region within whiph 
le.tters can be identified is appareiitly not a constant, but varies with ^ 
the nature of the' stimulus configuration, 

. I4i a rela,ted studj^ by Jackson and McClelland (1975^, fast and slow 
. adult readers were required 'to id^^ntify two dif ferment - letters presented 
simtiltaneously to the left 'and right visual fields. Ja^on and ' 
McClelland found that the breadth of visual field from which subjects 
could identif)r two sucb disparate stimuli was approximately the same for 
the fast and slow readers. 

K 

• • In attempting to .generalize the results from these studies, two 
problems arise. First, it is not clear that the reader utilizes the fui; 
region of visual information which is potentially avail-able during*a 
fixation. Thus, while' these studies may give some indication of the 
region within which words and letters pan be identified if desired, they 
provide no information about whether this full region is actually used 
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during a f^ation in reading. The second problem results from.the fact 
that language constraints. can facilitate the' identification of words 

(Morton, 1964; Tulving, & Gold, 1963*; Zola, 1981)* 'Thus, the *data f rom^ 

* . ' ^ > - • ' ^ \ ^ ^ ^ 

these studies may underestimate the region of \ text within which 

\' ' 

identification might occur wKfen language constraiSits were operating, . 

' . . ^ \ ^ . ' 



A fifth strategy deveioped'tp investigate whether the skilled reader 

* , * f ' * • ' - * ^ 

ac^ifires information from a wider ^Isual fiel'd than does the less skilled 

reader relies upon the visual disruption* of the text, 'Such visual ' 

'disruption may -be achieved in 'several ways; by omitting spaces* between 

If 

words, by filling the spaced with a character, by geometrically.. ' 

• • * 

tf^sfopming the text, or by presenting the text' in alternating upper- and 
iower case letters. The rationa£g_J>ehlnd this approach is that slcilled 
readers wil,l be more affected by the disruptions than less skilled readers 
•because they rely more on the use pf peripheral information than do less 
skilled readers* Fisher and Lerton .and their colleagues have used this 
technique extensively (Fisher, Leftpn, & Moss, 1978; Fisher, & Montanafy, 
1977^ Lef ton, & Fisher, 1976^ Spragins, Lefton, & Fi'sher, 1976). The 
results of these studies have 'consistently supported > the rationale. . 

Text disruption studied of this type, However, do not directly 
address the question of the size of the perceptual span. -Rather, they 
attempt to indicate how the peripheral information is used in the reading 
situa^tion. .One criticism that may Ue^ made of the studies is that not' only 
is the information in the visual periphery .disrupted, but also the^ 
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information in the foveal region. Thus", it is not clear that the^ effects 
are strictly due to peripheral vision. A- second point thatNpeeds to be 
made is, of course, that these studies have typically not inyofved 
subjects in a normal reading task. ' ' ' ' - • 

. . '-^ -■ X 

The frnar strategy to be discussed here involves restricting the 

' ' ■ • m ' . . ^"^^ 

visual field arCificially to'the region around yie fovea and obtaining the' 
' ^' . - . , ' ' ' • - 

maximum vi&uaj 'field beyonct »which no further gain is observable for the ; / 

reading task (Newman, 19.66; Poulton, 196^'.^ In these studie's it was founi 

that the erroif ratfe in or*al 'reading was i function of the size of the 

... , % 

visual field. Hecent studies -hav^ eliminated peripheral information by"- , 

' / ■ , . t , • s 

illuminating a region' of text" contingent upon tha-position-of the eyes 

... . ' , ' ^ 

(Ahlen, 1974; Ikeda, & Saida, 197,8), The span of pe^^ceptioii was 
de'termined by establishing the size of the 'window at the point when eye 

* movements were disi^upted." " ' , 

Patfierg and Yonas (1978) and *^atberg (Noti'e 2) used a simplified 
version^ of thii^ princi^)le i\e., ^eliminating the peripheral i-nformatioh in' 
■a developmental' study. ^ Again, the hypotlifesis was that the better reader 

.would be^more affected by the loss of peripheral information^ "thaiT.the . 

• • • * 

poorer reader. >The results of their studies supported their hypothesis. 

However, the nature of the printed ffext precluded the' reader -from 

Soquiring any Information about the words beyond the one being fixated. 

In a normal reading 'situation when a reader Is either fixa'ting short one- 

* • 

to three-letter words, or the final letters 6f. longer words, visual 
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information from the adjacent wo|?d is vriLthia the foveal region of the/eye. 
It is not known how much the elimination of this information ^confounded 
the results of bheir. studies'.. . • ^ 



McConkie and Rayne^ (^1975) usin^ a /computer "system- which made It 
. possible^ to investigate what' aspecfts^f the ^textual display are acquired 



at'different distances from central vision, had subjects read text 
, .displayed on a cathode ray tube (CRT) as their eye movements were b%ing 
. mphitored. On^feach fixation^ all letters a particular distance/to the 
left and ri^t of th^ l^etter at>^the 'oen):er of •visioVi were replaced 'with 
"N)ther letters (for instance*, , with i's. of with^^tters visually confusable 

•••V 

with the original, aetters); , This Iproduced^a "windoV" of normal- text at 
-the area where the eye was centered, -so the* reader" was able to read In . 
this, region. Outside^ this region, ±fi parafoveal anti p6rij)heral visual 

* ^ , / ^ - ' * . • . 

areas, the -origihal text .was replaced with letter "^strings 'having specific 
i^* -<^..-- . 

• : ^ ^ • - . • - ' . \ ^ 

^relations to ^he^origitol- te^jct. The arrangement permitted the 

, Experimental manipulation of two .variables: the size of the ^indow (how' 

wide a. region of no.rmal text lay at"' th^ location wher^e tHe reader was 

directly looking, during that f ixation*); and the nature of the Hsual ^ * 

. pattern outsid^tiiQ window (what visual characteristics 6f the original 
* « * ' ** ■ • 

text were present ;or altered in the peripheral visual areas).. "The studj.es 

• attempted to, identify how f^r out into the' periphery varioys* types ^of * * 

visual information (specific letters, word shape, ajad word length 

patterns) were acquired duripg a fixat^.on by determining how small the 

visual window .could be made, without -causing a deterioration in reading 
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performance, when*Various characteristics of the original text were - • 

. • * ^ ' ' / . 

maintained in peripheral visidn. The study was successful to. some degree 
J . .... . , 

and still stands as one of the best sources of evidence available 
concerning the size of the ^perceptual span in reading. 

The purpose of the present study i^ to investigate ohe aspect of the" 
j>ferceptual^span of good and poor readers using a modified versj^on. of the 
experimental paradigm developed by McConkie and Rayner (1975), as just 
described. That is, the Investigation is designed to determine the region - 
of text from which letter inforination 3,s.used during a fixation of the' ; 
eyes. This region win.be>efjei;red^ to as the span of letter recognition . 
Thus, it should be noted that other forms of visual inf ormationl that may 
b'e^art of the perceptual sp^, such a3**wond' length or Word shape, will 
not be" studied here. /^.--^ 



" Method 



Sublects 



; 



Eight good readers and ,eight poor readers from Grade 5 participated 
in the study. The criteria. for selection of the children were:- 

1. All children spoke English as their native language. 

» • • > 

Z. All children had normal, uncorrected vision* . , * 

4 

\ 

^3. All children were of at least average intelligence. Children with an 
IQ of less than 90 were not included in the study^. 
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4. " Children^elected, as good, readers were reading at, or above, theiiy 
expected grade reading level, i.e., grade 5.5 or higher, . . 

5/^ Children selected as poor readers were .reading at least 12 months . 
\ ~ 

below grade level, i.e., grade 4.5 or below. 

• » * • * 

Details of age, sex, and reading ability of the subjects are provided in 

<J N 

Table 1 . • • ' , 



Insert Table 1 aboy^here. 



Materials • • . 

' ^ Twenty-four individual texts were prepared for this research. Seven 
passage^ each 20 lines in Jength and rated at the fourth-grade 
readability level, were used as practice materials. Seventeen passages of 
expository text were adapted from the SRA Reading Laboratory (.Parker, 
1958) for-use.as experimental materials. According to the Fry Readabil4.ty 
Formula (Fry, 197^) all experimental passages were at the third grade ^ 
reading levfel. This level of difficulty was .selected so that the poor * 
fifth^grade readers, would have little trouble with the reading. Each 
passage- was 10 lines in length, with up to 70 characters per line. The 
experimental^conditions were -implemented during the reading of 15 of these 
passages; trie other t\to were used as warm-up p^sages. ^ 



^ ^ ' * ' Span 6f' Letter Recognition 



EQuipment - - ^ . . 

A computer-based laboratory system* was -used, for displaying, the texts 
to be read and for -monitoring and recording the eye movement patterna'of 
the subjects engaged in reading. This laboratory^ facility is centered ' * 

« * ™ S 

around a Digital Equipment Corporation (DEC) P1MK11/40 computer with a 
laboratoryTJeripheral system and a DEC YT-11 graphics display system. The 
text was displayed one line at a time with upper- and lowercase characters 
produced by the VT-ll'sja hardware character generator. This particular 
CRT (bathode-ray tube) uses a P-31 phosphor, which decays , to 155 x>f the 
original intensity in 500 m^crosec. Pressing a button •called the next, 
line of text onto the CRT, permitting -subjects to read multiline passages 
without difficulty. The CRT wa;^ Hfi cm from the subjects' eyes, with three 
letter positions subtending one degree of visual angle.* Eye movements 
were ^monitored using a modified Biometrics Model SC limbus reflection eye 
movement monitor (Young, & Sheena^ 1975) • The computer sampled the 
horizontal cTomponent of the eye position signal every millisecond, anjl was 
pro^ammed to produce changes in the line of text contingent on aspects of 
"the reader's eye movement f)attern. A more complete description of this 
system can be found in McConkie, Zola, Wolverton, and Burns (1978). 

Procedure 

Experimental manipulations . On selected fixations during reading, 
letters in certain regions of the display, defined with respect to the 
Qenter point of the reader's fixation, were replaced by other letters. 
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thus providing .erroneous text in specific retinal regions. These are 

✓ 

referred to as regions of replaced letters . -In 'these regions,' each letter 

was replaced by its most visually dissimilar letter frota the s^une set, 

where letters were grouped into three sets: ascenders, descenders, and 

those which neither ascend above the others nor descend below the line. 

Visual similarity was determined from respons^^^latency data in a ta^k'^in 

which subjects judged whether pairs of ijaetters were the same or different. 

♦ 

Thus, replacement letters were as different .from .the original .letters as 
possible within the limitations of the 3^ijb of English letters, without 
changing the external shape of the word. A region of .replaced letters was 
determined by defining a bolindary with respect to the reader *s point of 
fixation. This boundary could lie a given number* of letter positions, to 
the left, or right, of -the point of fixation. ' All letters ito the 'left of 
the left boundary or right of the right botindarj^^ were then replaced w^th 
other letters, thus producing a letter string: in that region which 
typically contained no English words.^and ^typically violated rules of 
English orthography, but whj.ch did preserve more gross visual 
characteristics of the original text such as external word shape, word 
length, and punctuation. ^ . . 

•In this study, four letter replacement conditions were used, in 
addition to a control condition: |teft-2 (all letters mor^e than two to the 
left of the fixated letter were replaced), right-3 (all letters more than 
three to 'the right of the fixated letter were replaced), right-5, and 
right-7. • , 
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The actual replacement occurred very early in the fixation, as soon 
-as the forward progress of the saccadic Movement was completed (that is, ' 
as soon as no further jirogress of the saccadic movement was detected in a 
3. msec period). Since the eye movement signal lags 3 msec behind the 
eye's actual behavior, since the criterion involved a 3 msec delay, and 
since the CRT requires *3 msec f.or a line of text^ be changed, the actual 
change was completed .withiti the first 10 ms^c of the fixation. As soon as 
movement of the eyes was detected of sufficient magnitude as to indicate 
that a saccadic mov^i^ot was once again under way,* the modified line of 
text was returned to the original. Thus, the letter replacement, when it 
occurred, lasted for a, single fixation. . ' 



The experimental manipulations were not made duritig the ^ding of 
the first or last liijes of the passage. On the remaining 8 lines, four of 
the five conditions were scheduled to occur on each line. The changes 
were saheduled to jDccur on the fixations following .the second, fourth, 
'sixth, and eighth forward saccades.i^ a pounterbalance(Kbrder. Of course, 
whether all four conditions actually occurred depended on whether the 
subject made 8 forward saccades on the line. No changes were implemented 
following regressive saccadic movements of the eyes. 

Illustrated ir! Figure 1 is a line of ^ text as it n^y have been 
displayed on successive fixations to a ^bject. Assuming Fix 1 follows 
the first forward saccade made by the child as he read the line, the first 
experimental condition occurred on' Fix 2. On" this fixation condition' 
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right-3 was implemented; i.e., all letters further than three character 
positions to the right of the fixation point were replaced by other , 
letters. As the ne:ft saccadic movement was initiated,, the normal »line of 
text was restored to the CRT screen. No experimental manipulation 
occurred on the next fixation. On Fix 4, condition left-2 was, implemented 
i.e., all letters further than two character positions to the left of t^e 
fixation point, were replaced by other letters. The next change occurred 
on Fix 6, when condition right-7 was implonented. On Fix 8, condition ' 
right-5 occurred. Th4 control condition was not scheduled for thia line 
for this subject and so is 'not shown in Figune 1 . 



Insej?t FiguJ?e 1 about here. 



F/ve conditions were used in this study: the four experimental 

/ ' . 

conditions described^ above (aeft-2, right-3, right-5 and right-7) and a 
control condition in which the computer algorithm carried out text 
replacement as in the other^ conditions, except that letters were replaced 
by themselves, resulting in no perceptible change on the CRT. The 
procedure guaranteed that fixations in the control condition were selected 
in the same manner as those in the experimental conditions. 
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The presentation of the five conditions was counterbalanced over 15 
passages, with changes taking place on eight lines of each passage. Thus, 
the maximum number of data points that could be collected p^r. condition 
for each subject was 96. It was anticipate that there wouidbe 
approximately a 30$ loss of darta because of head movement, eye blinks, and 
failure to mak6 sufficient, forward saccades on some lines. 

Half the subjects in both ability groups read the passages in order 1 
through 15* The remaining subjects read passages 8 through 15, then T 
through 7. Two additioi%l passages were- included for warmup purposes; no 



experimental manipulations were pade' JLil^hese passages^ 

- Experimental sessions . When the .child arrived, some time was spent 
explaining about the laboratory. Then the subject *wa^ seated In front of 
the display unit and was physically positioned in a manner conducive to 
head stability. A bite bar and^ headrest helped to minimize movement. 
After a; brief, initial calibration of the eye position monitoring ^ 
equipment, the experimental procedure was explained. * ' ^ " * 

N The firi^t session was a screening and* practice session. To become 
acquainted with the button pressing procedure, the child first read a 
passage of text presented on the CRT without the encumbrarfces of the eye* 
movonent monitoring procedures. The child then read a second passage 
during which eye movements were being recorded and during which head 
stability was emphasize^. It was not until after Reading the third 
passage that the child was ask^d questions about what had been read in 



^an ot Letter. Recognition 
< 17 

order to assess .comprehension of the material. Those children 'who were 
able to function in the experimental 'situation read four more passages. 
During the reading'of the additional passages, the window manipulation was 
presented on' the second and fourth fixations of each line. All of the 
data collected during this hour-long session were discarded, 



In all, 31 children participated in the first session. Of these, 16 
were invited to return for a second gession. Those children who were 
unable to remain relatively still during the reading, who wfere difficult 
to calibrate, or who blinked excessively dixi not participate further. 



At the beginning of the second session, the reading procedure was \^ 
reviewed with 'the child, , During thi^* session, each subject raaji two 

Twam-up passages and all fifteen of the 'experimental passage;?,' After each 

» 

passage, the experimenter* asked the child two or three questions about, 
information contained in the passage just read. The oral ^^destioni^g 
technique was-selected for three re&spns. First, ^'the subject did not have 
to be moved away .from the eye tracking ec^uipment as would be require^ to 
provide written respons^^. Thus, jrecalibration of the subject was quickly 
and easily achieved before each passage. Second, the oral testing 



strategy reduced. the y.kelihQOd that the chiid, particularly the poor 
reader,.i would feel threatened by- the situaljion. Third,* the oral 
questioning procedure took le.ss time *to^adi^inister than did a written 

• If 

questionnaire' approach, • * / * , 
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Each subject remained in the experimental^ situati.on until the reading 
oC^th^ first -seven experimental passages had been completed or until the 
child requested a 'rest period. After a 5-minute interval, ,the child re^ 
the remaining eight passages. The entire session took approximately 
J hour and 15 minutes. . * . . • 

/ ♦ - ■ * 

Results 

Figure 2 illustrates the pa^ttern of the eye mov^nerits which were 
analyzed in th±^ study. The saccadic taovement of the eyes immediately 
prior to* the fixation during- which an fexperlinental condition was 
implemented is. designated as SO. Any fixation ^in which there ocqurs an 
experimental manipulation is referred to, as FO. |^e saccade immediately 
following FO is SI. Likewise, the next fixation is termed F>1 . Thus, 'no 
letter replacement occurred during, fixations labelled F1; any epfects ^ 
found on these fixations can only be due to manipulations occurring on the 
prior fixation. * * / , » ' 



Insert Figure 2 about here. 



Occasionally very shoPb^ sac cades were made after the .i/iitial 'display 
change which were of small. enough magnitude that the computer was unable 
to ^dfetermine, reliably, on lirre, that- a saccade wjs in. progress. In these 

V • •/ . . , 

cases, the line of text was not changed back to normal unti>J;he n^xt. • 
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sa,ccade. Such fixations were marke^/in t^^^^a and. excluded from data. - 
analysis. Also, blinks and other eye iid* m(^^ents 'oQOasionally resulted 
in the stimulation of -a text change during a'-tflxation; fixations of this 
. sort were also eliminated from the analys±s*/^^Th^s," ttie only fixations 
included in the data analysis were those on* whichVthe- display changes 
occurred at the appropriate .times, "^^ ^ 

Several differences between the^ good and poor readers, which are 
- discussed in^more detadll .below,- have been consistently demonstrated- in 
* previous studies. Good re^iders were, found to'hav^ shqrter fixation 
duratjLons and longer s&ccades than poor readers, tlpod- reader spread at a 
rate of 182 words per minute, compared with 13O .words- per minute for poor 
readers. The rate of reading by the .children^ in this experiment was 
comparable to that found in other studies (Spragins, Lefton, & Fisher, 
1976; Taylor, 1965). This may be take;i as an "^indication that the children 
. were not adversely affected by the experimeat^l situation. ^ 

- ' ^ / ' 

A three-factor ANOVA was used tq analyze the data. The factors were 

Condition (five conditions), Reading Abili'ty '(gQ,od j^eaders vs: poor ^ 

/readers), fnd Subject (8 subjects nested in ^oh- ability level). 

Distributions of eye mov^ent measures tended to be highly skewed, with 

occksional fixations', over 500 msec and occasional * saccadts , over 20 letter 

^positions.* The;Se extreme values can unduly influence the values of means. 

Therefore, dat^^^analyse§ were carried out by c^oul a ting- medians for each 

subject each \of;^ the variables of interest, for each condition, and then 
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entering these medians intFO the ANOVA's. 
Duration of Fixation FQ ' 



The 2 X 5 X -8 ANOVA on the FO fixation duration data yielded a 
significant main effeot' for reading ability, £ (1,U) ='^.77, £. < .05. 
The average fixation duration (mean of ^ the individual subjects* medians) 
for -good readers was 19^ msec as compared with^ 23^ msec for poor riders, 
a difference* of 38 msec. There was .no -significant main effect for 
^condition, £ (^,56) = 0.25,.^ > .05. The interaction effect between 
reading ability and conditions was not significant, £ (^,56) = 0.59, £. 
.05. 

j^re is no pattern in the data for either group -to' suggest that tjie 
experimental manipulations systema'tically influenced the duration of FO. 
No condition differed from its appropriate control condition by mor§ than 
^ .10 msec. . ' 

. . - - . ■ 

, ' V . 'Insert 'Figure 3*#bout here. 



Length of Sacftade S1 

For the length of^SI forward saccades, the main effect for reading 
ability was .found to be significant, £ (1,1^) = 5.9^, R < .05. Again, 
the>e was no significant main effect for condition, £ (^,56) = 0.59, R >* 
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.'05. The interaction effect between reading ability and condition was not 

significant either, £ iH,56) = 0.10, r > .05. Figure 4 shows that the 

•average length of the forward SI sacc^des for the good readers' is 

consistently at least one character position, or nearly 20%' longer, than 

J / 

•that for the poor readers, ' ^ 

) . - ' ' ' 

Although the differences in forward saccadic- length at the different 

boundary locations were not statistically significant, there is some 

e 

pattern in the dat^ for both groups. The average length of the saccades 

when the letters to the left were replaced (i,'e., the left-2 condition) was 

» 

shorter than the control condition. Similarly, on the right, the further 
from the fixation point tbe letter replacement occurred, the longer was' 
the ml||n length of the saccades. However^ the differences were very ^ 
small. No condition differed from its appropriate control group by more 
than 0,3 character positions, . " • , 



Insert Figure 4 about here. 



Duration of Fixation F1 

The ANOVA yielded a significant main effect" for condition on F1 
fixation duration, £ (4,56) = 5..58, s. < .01, in. contrast to the results of 
the previous two dependent variables. However, there was^no significant 
main effect for reading ability, £ (1,14) = 2.49, £ > .05.' Again, there 
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was n(5 significant interaction effect , between reading/ibility and 
condition, £ (4,56) = 0,40^ ^ >- .05. ^ ^ ^ 

A Newi&an-Keuls test of the significance of /he pairwise differences 
between' the means for each difference was cond^icted (Kirk, 196&)* Three 




Of the conditions, left-2, right-3 arr*^;lght-j5, differed significantly 
from the control condition, ^ > •05* The difference between right-7 and 
the control condition was not statistically significant, • Thus, the three 
experimental conditions closest to the center of fixation significantly 
inflated the duration of fixation F1, but the rigbt-7 condition-did not,v 
This indicates that subjects used "letter information at least as far as 2 
letters to the left of the center of the fixation ^nd up to 7 letters to 
right; ^ i ^ O ' • • 



Insert Figure 5 about here, 



1 



ERIC 



The Effe cts of Boundary Location with ^eay^fect to .Words 



An analysis or the data was carried out for the left-2 condition to 

compare the effects of the letter replacement ^b^undary occurring within 

the fixated word with the boundary occurring to the left -of that word* 

The notion being investigated here is that if words act as some sort of# 

perceptual unit, then the %.sruptive effects of the, letter 'replacement 

should be greater when the boundary occurs within the'fixated word (i.e., 
/ ' ' ' ^ ■ 



/ 
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eru*ors ocour in the Word' on whichithe eyes ^e centered)' than when the 

^^undary is located before the \^ord (i.e., erroneous letter^ occur only in 

words to the left of the fixated wor3).^ It is therefore hypothesized that 

the- duration *of fixation F1 will be 'longer in 'the within--woh4^on4ifion 

. . ^ . / • . . ^ . • 

•than in the adjacent-word^ei^ndition. , ' * ' « H ' / 

s The several iJosSible alterhative conditions that majrlhave occurred 
within this "aiohotomy of the data ar^ illustrated in Figure 6. The center 



of the fixated 



that under coni 




texiils^ indicifited by the arrow. It can b^seen 
-2 thg letter replatcement boumkTr'y* couAl occur 



Within th^ f ixS^ed ^wor d only if thkt word was 'at least 4 letters long. If 
the' fixated word was less than 4 letters in'lengtn, or if the subject. ' 
fixated •ii^he f irst letter" positjidns of the word, only 'words, to the 
^left of th<^^ f ix/ited word would^SohtalS errors. It^ was 'possible, as in-" 
lintf 3 of Figure 6^ for a ^t^e--letter word to the left of the fixated ; 
word to be fpee of errors, but in most cases the word to tne left had part 
of it^-oWers (figure 6, line 40 .1 or "all of its lettfer? ^Figure 6, line* 
6) replaced. These different possible conditions were not distinguished 



ih^he anaij^fiJLs^to be reported here. ^Similar instances, were also 
identified* in the control condition data: These were instances in which 

■ the "errors wou-ld have occurred at these lodatiofis had they be,en in the . 

^ exper4jnentSal conditions. . , ^ , 



f 
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Insert Figure 6 about here. 



Only those F1 fixations which were preceded by forward saccades were 

included in the data analysis. The number of data, points in the difJerent 

conditions, on which the group medians were based, ranged from 40 for the 

good readers left-2 within-word condition, to 203 data points for the poor 

readers cpntif^l-adjacent-word condition. Thus, although there were 

« sufficient data to provide relatively stable 0foup medians, there were not 

enough -data points in all conditions to permit a more fine-grained 

analysis. ' " ' 

f • * 

4 

<• > 

; ' 

. Figure 7 illustrates the values for the' 'different; conditions. It 

# 

appears that any inflation of fixation F1 in the left-2 condition may be 
attributed to those occasions when the location of the letter replacement 
boundary occurred to the left of the fixated word. For both groups' of 
readers, the data values for the left-2 and control conditions are almost 
id^entidal^when the. boundary is located within the fixated word. This is 
entirely coritradictory t^o, the hypothesis being test-ed. That is, it was 
expected that the effects would be greater if the fixated word was • 
disrupted than-iT only words immediately to the left Wfere disrupted* 
Thus, t|;iere is no empirical support for the notion that words Were 
functioning as perceptual units for- either good or poor readers. It 
^shpuld be noted that the length of fixation durations for the control 
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eondtt-ion-we ro gr c ate r-irn-fehe-^jrthjrn-word- condition than -in the adjacent- 
word condition for both good and poor readers. 

4 • 



Insert Figjire 7 about 'here* 



Summary o f Results 

Several general obsprvations can be drawn from the analyses of the 
data obtained from this experiment on the percej)tual"span of children. 

1 . The mean fixation duration of good readers was consistently shorter ^ 
than that *for poor readers across all conditions f or FO and F1, 
although the difference was not statistically significant for F1. 

2* The mean saccad^ length of the ^opd reader^ was approximately a 
character position longer than that of the poor readers across all 
conditions for S1« 

3# The only statistically significant effects resulting from the 
experimental manipulations were found on fixation F1. No 
statistically significant effects were manifested on fixation FO, the 
fixation on which errors were present, or on the* immediately 
following forward saccade SI. ' 

4. The evidence does not indicate any differences in the size of the 
span of letter recognition for the 'tffo' groups of readers. ^ 
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5. The effects of the boundary location with respect to word position 
• does not suppoi^t the notion of words functioning as perceptual units 
for either good or poor readers. 

Discussion ' 

.,The eye movement patterns of the good and poor readers in -this 
experiment are generally consistent with the findings of other studies 
(Taylor, 1965). The ayerage reading. rate of the poor readers^ was about 
70% of that for the good readei^s, as measured by the number *of words read 
per minute. The durations of fixations ma^e by^the poor readers in the 
, control condition were approximately 30% longer than the fixation 
durations of the good reader^. The average lengths of saccades of the 
poor readers was about 25? shorter than those made by the good* readers. In 
spite of these differences, the results indi<?ate that the size o^ the span 
of letter recognition is much the same for' both groups. *^ - 

The fact that there was no evidence to support the hypothesis that 
good readers have a wider letter recognition spaii than poor readers is 
somewhat surprising. . It appears^ that' there is no difference in the size , 
* of the region from which gqod readers and poor readers obtain letter* 
information during a fixation. That is, thetre were no significant 
interacti9h effects between reading ability and conditions. on any of the, 
three dependent variables .which would indicate that gfood readei?s are more 
sensitive to disruption 6t peripheral information than are poor readers. 
The results indicate that bpth. groups of children are acquiring • 

On 
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information from at least 3 ^letters to the left of the fixation point and 
up to^ approximately 6 letters to the right. It' should be noted that tfie 
text lised in the study would have presented less difficulty to the good 
readers than to the poor readers. If it was the case that tl^span of. 
letter recognition is influenced by t^t readability (i.e., the more- 
difficult the text, the smaller the span), then the^good readers should 
have been even more likely tfo have had a wider span. 

The similarity in the findings of this experiment and the results of 
other studies using the ,same- paradigm but where the subjects were adults 
is striking (Underwood, & McConkie, Note 3). In their study. Underwood & 
McConkie found that adults ujsed litter information no further than 2 
letters to the left of the fixation point and up to 6 letters to^th^.-^^--^ 
^right. Thus, the evidence suggests that ,not^.oB% is 'the span of letter 
recognition similar for both* good and poor readers, but also there is no 
increase j,n the size of, the span when these readers are compared with 

The evidence that has been put forward previously to support the 
hypothesis that the span of letter recognition increases as a function of 
reading ability^ needs to be closely ^examiped. Patberg and Yonas (1978) ^ 
conducted a study in which good and poor readers read* passages of . normal " 
text and passages typed with«13 -spaces 'between each .adjacent pair of 

words. .By spacing the words so widely apart, they reduced the amount of 

* : * ^ • • ■ 

peripheral information that could be acquired from one word while the. 



college students, 
\ 
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prior word was being fixated. They found that good readers did not 

ft / 

perform as well on the spaced condition as they flid on the normal text, 
whereas the' performance of ^he poor readers** was unaffected by the 
different tasks. In their experiment, performance was defined as the 
number of questions answered correctly per minute^ of reading time. On the 
basis of this evidence, Patberg and^Yonas concluded that as reading 
improves, the perceptual span increases beyond the single word. 

It can be argued that there is nothing irf the Patbepg and Yonas study 
that permits any conclusions about the nature of the perceptual span as a 
function of reading ability. To draw such conclusions necessitates the 
tenuous assumption that reading efficiency, as defined by the' authors, is 
related to the size of the, perceptual span. There is no evJLdence to 
support this contention. ^An alternative explanation of the results is 
suggested by tlie authors themselves. They suggest that skilled reading 
may be disrupted to a ^greater degree than unskilled reading by ^ny change 
in the task requiring a modification of well-practiced techniques. 

«« • 

Fisher and Lef ton and their colleagues havd conducted extensive 
research into eye movonents of readers,^ including a number of 
developmental studies. A strategy used by these investigators i3 to- 
disrupt the text in a variety of ways and examine the effects of the 
disruption on the eye movements of the reader. Spragins, Lefton, and 
Fisher (1976) examined the effects Of spatial manipulation of text on 
adults, third, and fifth graders. Among ^he conditions included in the 
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Study were the Yollowirig: 



1. This is a line of normal text* 

2. 'This+is+a+liile+bf+filled+space+text, ^ 

3. Thisisalineofnospacedtext. ' • 

The §ize of the perceptual span .was arrived at by dividing the number 
of character spaces in the paragraph by the total^ number of fixations made 
by th^^ubject. Spragins et al. concluded tfrat the size of the perceptual 
span was related^ to reading ability. 

A possible explanation for the difference between the results of the 
present exjSeriment and the Spragins et al. study lies in the fact that 
different ^sohts of information were disrupted. Spragins et al. relied 
upon the elimination of spatial cues to disrupt the reading process of the 
subjects, whereas letter information was disrupted in the present 
experiment.. The spacing between the words and the shape '^iTwie word was 
maintained. , It may weir be, that adults tend to be more reliant on spatial 
cues than cHSLldren. However, the claim that; the adult reader relies more 
heavily on peripheral cues than does the younger reader is not 

* ' r * 

unequivocally supported by their results, since the disruption of the text 
occurred both foveally "and peripherallyr^^ • ^ . • 

There seem t6 be two .possible explanations to account fpr the 
differences in the findings of the present study and the earlier 
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investigations. First, it may be that the experimental strategies are 

sufficiently different to preclude comparisons of any data; that is, 
« 

different aspects of perception are being studied. Second, there ar.e good 
reasons to believe. thfa.t the previous experiments were not measuring 
perceptual span as such at all. ' ' ' 

Thfe generally ^accepted view that a critical distinction between g^od 
^nd poor readers is the ability of the former to utilize visual 
information further into the the peripheral region of the text during *a 
i*ixation i^ not supported by the results of the present study. There is • 
no doubt that there are many factors ^which contribute to the reading * 
ability of children. -For example, it has been suggested that good readers 
are able to guide 'their eyes more efficiently than poor readexs (Gilbert^ 
1959; Xefton, 1978; Lefton, Lahey, & Stagg, 1978). Several investigators 
believe that poor readers may have-unsystematic attentional scanning 
patterns (Heron, 1957; Marcel ; 1974)* This study, i)articularly -when 
considered together with the results of Underwopd and^McConkie (Note 3) 
has eliminated one factor, long belieyed to have had a bearing on reading 
performance. * 

« * / 

Temporal Aspects of Information Processing 

' Xhe question of when available inforaation is processed i^ of centrax 
importance to understanding reading. Ther answer will have significant 
Implications for theories of language processing and comprehension, as 
well as for eye movement guidance. In this experiment, neither the good 
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readers nor the p<rt)r readers showed effects of ttie experimerital 
manipulations on the fixation during which ^they were impl Rented, nor on 
the following saccade. It was not until the following fixation, -F1 , that 
the effects were manifested. Tllis evg^ests, of course, that the duration 
of a fixation may be influenced by Ithe information acquired. on a previous 
fixation. A simJ^lar finding has' been reported by ^ Underwood and McConkie 
(Note 3). • * ' 

This finding poses difficulties for models of reading which assume 

that the duration of a fixation is determined ^y the time required to 

• > 

a 

process the information acquired during that fixation Just,' & Carpenter, 
1980). Just and Carpenter claim to have developed a modfel of reading 
comprehension that is able to account for the allocation of eye fixations. 
Their. model proposes that gaze durations- reflect the time to execute 
compi<ehension processes, for example, Ipnger fixations manifest longer 
processing caused ^by the word's frequency and its thematic -iinportance. 

A necessary assumption of the Just and Carpenter mddei' of reading is 

, that th6 ,eyes remain fixated on a word as long as the word is being ^ 

pf^ocessed. The data yielded by the present study make it difficult to 

sustain such an assumption. -The evidence suggests that information ^ ' 

acquired on one fixation is still being' processed after that fixation has 

ended (i.e., after the visual information is no longer available to the 
<» " ^ * * . 

reader), or* at least that the effect on the eye movement pattern is 
delayed until after that fixation. . ' • * 



O 
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Eve Movememt Patterns 



The present study yielded some interesting data relevant? to the issue 
of* eye movement patterns. 'First, it ^^as Touhd" that while there were no 
dif fe;*ences in the* sis^e ^6f the spans of letter recognition of ^ood and 
poor readers, the average length of forward saccades of poor, r eiders was 
approximately 25% less than that of good readers. This could be taken as 
evidence against the m>tion that the length of the saccade is- related to 
the amount of information encountered during the fixation, as assumed in 
the analyses by Fisher and his coJLleagues. 



Second, the duration of fixation F1 was examined acco^'ding to* whether 
dt was followed by a forward or regressive saccade. From Table 2*it can 
be seen that the .increased duration time of fixation F1 for conditions 
right-3 and right-5 is entirely attributable to those instances when F1 is 
followed by a forward saccadic movement.. Thus, it appears* that a 
relationship exi-sts between the duration of fixations and direction of 
saccades. This finding has been corroborated by Underwood and McGonkie 
(ilote 3)/ ^ 



\ 

Insert Table 2 about here. 



It is apparent' that the relationship between saccadic movements and. 
fixation durations is one of considerable cofifplexity, and widl not be easy 
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to explicate. However, it^is clear that the claim' that these \wo , 
components are unrelated is not'entirely tr^ie (Levy-^Schoen, & 0*Regan, 
197^1; Rayrier, & McConkie, 1976). ' 

Further Research ... 

IQ one sense, the present^ study should be viewed as 'a first attempt 
to appiy the eye movement contingent* display paradigm (McConkie, & Rayner, 
1975) to investigate the language processing differences between children 
of different reading abilities. As such, "it has been shown to'be a 
successful technique in providing information .on the nature of those 
differences. Further research is required to corrc/borate the basic 
finding^ that there is no difference ih the size of the perceptual spans of 

good and goor readers, and to more -clearly define the .p^arameters of the , 

<» 

region from which visual informationjis acquired during a fixation. 

The experimental technique used here should lend itself to 

J 

invest^igating whether other types of *vi3ual .information, such as word 
boundaries, lengths of words, or their shapes are used more ef fecftively-by 
good readers than by poor readers. , *. ^ * # ^ 

A developmental study of, the span of letter recognition of oh^Udren 
is an imp6rtant issue to be addressed. It may be that by Grade 5 the size 
of the span has stabilized, buj; that younger cfaildreri dd acquire, letter "1. 
"^information from a smaller region of text during a fixation. Although dt 
would be difficult to use this paradigm with beginning readers, .J)eGause of 
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the experimental constraints, there is no doubt that children younger than 
the subjects who participated in this study could cope with the demands of 
the- situation. The question of why the effects of the experimental 

t i 

manipulations were not manifested 'until one fixation after implementation 
needs further investigation. Similar studies using adults' as subjects 
have reported moi*e immediate, effects of such manipulations; i.e., the ' 
duration of fixation FO is increased, and the length of saccade SI is 
shortened. This finding, of course, raises the complex issue of the rate 
of language processing during reading. 
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Table 1 ' . 
A Description of the Two" Groups of Grade Five Readers 
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. ^ ' Table 2 ' ' / . 

Duration-'of Fixations (msec) FO and Fl as a Func^tibn 
of ^ the DirectioA o,f the Following Saccade for All '\% 
Conditions in Experiment 2- 



Boundary 
Location 



FO 



SI * 
Forward 



SI' 
Regress. 



Fl 



S2 32 
Forward ' Repress. 
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208' 
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192. 
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Figure Captions 



Figure 1.' An example of a line^of text as it may have been displayed 
on successive fixations to a subject. The arrow indicates the center of 
fixation. 

Figure 2. A schematic representaj;ion of .hypothetical eye movements 
occurring while reading a line of text^ 

Figure 3. The average durations of fixations during which letters 
* 

were replaced in fixation FO,^ as a function of the boundany location -of 

the replaced letters. 

« * 

Fi^re 4. The average length3 of forward saccades SI ^as a^function 
of the boundar.y location of replaced letters. • - 

1 * 

Figure 5. The average du;^ations of fixations Fl following SI forward 
saccades, as a function of the boundary location bf replaced letters. 

Figure 6. An example of a line of text showing how the left-2 

condition may have occurred in various locations either within or adjacent 

t ^ , ^ . 

to the fixated word. The arrow indicates the location of the center of 

the fixation, ^ 
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Figure 7. Group median durations of fixations F1 following forward 

saccades for condition left-2 and the control condition/ as a function of 

whether the boundary location was within or adjacent to the word being - 

* ♦ 

fixated. % ^ . • * 
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